The XTT (3¢ ¢ ¢ ¢-[1-(phenylamino)-carbonyl]-3,4-tetrazolium)-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate) reducibility of practical milk sample enables evaluation of the heat-treatment and storage conditions such as temperature and period. Based on the appearance of absorption maximum at 320 nm in a model heated solution, we suggested that aminoreductone formed during the Maillard reaction of lactose is involved in the reduction of XTT. In this report, the relationship between the XTT reducibility and the formation of aminoreductone was investigated more specifically using HPLC equipped with a photodiode array detector. Lactose and butylamine were heated at 100˚C for 15 min, and then analyzed by HPLC. A main peak with absorption maximum at 324 nm, which is thought to be aminoreductone, was recognized in the chromatogram of the heated reaction mixture. The peak corresponding to aminoreductone showed the XTT reducibility. After the addition of Cu 2؉ , the main peak and its ability to reduce XTT completely disappeared. Moreover, the formation of aminoreductone under various kinds of heating conditions linearly related with the XTT reducibility of the reaction mixture. These findings strongly suggested that the XTT-reducing substance formed during the Maillard reaction of lactose was aminoreductone.
The Maillard reaction occurs during pasteurization and sterilization in milk manufacturing. It is well known that this reaction is strongly dependent on the duration and temperature of heating and leads to a change in flavor, color, etc. (van Boekel, 1998) . In the initial stage of this reaction, the e-amino group of the proteinboundlysine reacts with lactose to form Amadori products. Since the modified lysine is not available for digestion, the Maillard reaction reduces the nutritional value of milk and dairy products (Finot et al., 1981; Pizzoferrato et al., 1998) . Therefore, detection of the Maillard reaction products is important for the quality evaluation of these products. Several heat-induced markers have been proposed to control and check the heat treatment given to milk products. For example, the determination of furosine by acid hydrolysis of lactosylated proteins and that of hydroxylmethylfurfural (HMF) are frequently used as indicators of heatdamage, because these concentrations increase with longer heattreatment (Keeney & Bassette, 1959; Resmini et al., 1990) . These methods, however, are generally time-consuming and complicated.
We proposed an assay method for determining the ability of UHT-treated milk to reduce XTT (3¢-[1-(phenylamino)-carbonyl]-3,4-tetrazolium)-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate) as a method for evaluating the extent of the Maillard reaction (Ukeda et al., 1995 (Ukeda et al., , 1996 (Ukeda et al., and 1998 . Compared with the conventional methods, the XTT assay is more rapid and conve-nient and is found to be applicable for estimating not only the extent of thermal treatment but also the storage conditions. In our previous report, based on the appearance of absorption maximum at 320 nm in the model heated solution, we suggested that aminoreductone, 1-butylamino-1,2-dehydro-1,4-dideoxy-3-hexulose ( Fig. 1) , formed during the Maillard reaction of lactose was responsible for the reduction of XTT (Shimamura et al., 2000) . As many compounds which are formed during the Maillard reaction absorb light at 320 nm, a more specific method of determining aminoreductone should be introduced in order to more clearly show the involvement of aminoreductone in XTT reduction. In the present investigation, we employed HPLC equipped with a photodiode array detector for this determination and examined the relationship between the XTT reducibility and the formation of aminoreductone.
Materials and Methods
Reagents XTT was purchased from Sigma Chemical Co. (St. Louis, MO), lactose monohydrate was from Nacalai Tesque, Inc. (Kyoto). Butylamine and triethylamine acetate were from Wako Pure Chemical Industries (Osaka). All other reagents were of the highest grade commercially available and were used without further purification. All solutions were prepared with water purified by a Milli-Q system (Millipore, Tokyo).
Heating of model solution Lactose monohydrate (262 mM) and butylamine (1.16 M) were dissolved in 1.28 M phosphate buffer (pH 7.0), and the pH was adjusted to 7.0 with phosphoric acid. The model solution (1.2 ml) was put into a 1.5-ml polypropylene tube with a stopper and heated with a dry heater (Dry Thermo Unit DTU-1C, Taitec Co., Saitama). Immediately after heating for an indicated time, the sample was cooled by ice to stop the reaction.
Preparation of aminoreductone The extraction of aminoreductone was carried out according to the method of Pischetsrieder et al. (1998a) . Briefly, heated lactose-butylamine solution was extracted three times with 2.4 ml of ethyl acetate. The solvent was evaporated in a water-bath at 70˚C under nitrogen atmosphere. The residue (aminoreductone) was dissolved in an appropriate solvent and used in the subsequent experiment. 1 H and 13 C NMR spectral data of aminoreductone extracted from the heated model solution of lactose and butylamine were identical with those reported previously (Shimamura et al., 2000) .
XTT assay procedure The assay was performed in a 96well microtiter plate according to our previous report (Shimamura et al., 2000) . Each well contained 60 l of 0.5 mM XTT prepared with 0.2 M potassium phosphate buffer (pH 7.0) saturated with menadione. Forty l of sample was added to the well and after mixing in a microplate shaker at a speed of 500 rpm for 15 s, the difference in the absorbance between 492 nm and 600 nm (as the reference) was read on a microplate reader MPR A4i (Tosoh, Tokyo) as the absorbance at 0 min. Again, after 20 min at room temperature, the absorbance difference was read and the increase in the difference was recorded as the ability of sample to reduce XTT (XTT reducibility). When the XTT reducibility of a sample was too high, it was subjected to the assay after an appropriate dilution.
HPLC Analytical HPLC was performed according to the method reported by Pischetsrieder et al. (1998b) . Analyses were run with a Shimadzu LC-10A gradient pump, a Shimadzu SPD-M10A photodiode array detector and Shimadzu SLC-10A system controller (Kyoto). The data were analyzed by the software "Shimadzu CLASS VP-5". The mixture was separated on the Cosmosil 5C 18 -MS from Nacalai Tesque, Inc. (4.6 mm i.d. ϫ 150 mm). For elution a gradient was used of 0-100% B from 0 to 25 min and 100% B from 25.1 to 40 min at a flow rate of 0.5 ml/min (solvent A, 50 mM triethylamine acetate, pH 5.8; solvent B, methanol). The column eluate was monitored at 319 nm and the spectrum was also recorded from 200 to 400 nm. The heated sample solution was injected after the dilution (15-or 20fold) with 1.28 M phosphate buffer (pH 7.0) to improve the reproducibility of HPLC analysis.
Results and Discussion
Detection of aminoreductone by HPLC To know the retention time of aminoreductone, it was extracted from the heated model solution and subjected to HPLC analysis. In the chromatogram, a main peak showing an absorption maximum at 324 nm appeared at 20.0 min. The shape of the spectrum was similar to that of aminoreductone (Pischetsrieder et al., 1998a) . Although the absorption maximum of aminoreductone in water was 319.5 nm, it was confirmed that the maximum was shifted to 324 nm by a solvent effect in the solution of triethylamine acetate : methanol (2 : 8) corresponding to the composition of HPLC eluent at 20.0 min. In addition, the change of solvent had no effect on the absorbance of extracted aminoreductone. Thus, it was concluded that the peak at 20.0 min was aminoreductone shown in Fig. 1 . Next, the model solution heated at 100˚C for 15 min was injected into HPLC. As shown in Fig. 2, a main peak showing an absorption maximum at 324 nm was recognized at 20.0 min as well as extracted aminoreductone. This result indicated that it was possible to detect aminoreductone formed in the heated model solution by HPLC equipped with a photodiode array detector. To examine whether the peak of aminoreductone possessed the ability to reduce XTT, the effluent from 16.00 to 23.50 min was fractionated at an interval of 5 s (41.6 l) and XTT reducibility of each fraction was investigated ( Fig. 3 : broken line). The XTT reducibility was recognized in the fraction between 20.00 and 20.50 min but the other fractions showed no XTT reducibility. The retention time in which the XTT reducibility was recognized was identical to that of aminoreductone. In a previous paper, we reported that the XTT reducibility was lost by the addition of Cu 2 ϩ which accelerates the oxidation of the XTTreducing substance (Ukeda et al. , 1998) . Based on the finding reported previously, Cu 2 ϩ was added to the heated model solution and the effect was examined. After the solution of lactose and butylamine heated at 100˚C for 15 min was diluted 20-fold with 1.28 M phosphate buffer (pH 7.0) containing CuSO 4 (the final concentration of Cu 2 ϩ : 147 g/ml), HPLC analysis was performed. By the addition of Cu 2 ϩ , the peak corresponding to aminoreductone had completely disappeared and simultaneously the XTT reducibility between 20.00 and 20.50 min was lost ( Fig. 3:  solid line) . This result means that the aminoreductone was rapidly oxidized by Cu 2 ϩ and the XTT reducibility was lost at the same time. These results clearly evidence that the aminoreductone participates in the reduction of XTT.
The relationship between the XTT reducibility and aminoreductone Based on the spectrophotometric assay, the linear relationship ( r = 0.967, n =19) was recognized between the XTT reducibility and the formation of aminoreductone (Shimamura et al. , 2000) . In this report, a more specific examination of their relationship was performed by HPLC analysis. After the solution of lactose and butylamine was heated at 100°C for 0-15 min (Fig. 4A) or at 70-100˚C for 15 min (Fig. 4B) , the XTT reducibility and the formation of aminoreductone was measured. In this experiment the injected sample was diluted 15-fold. As shown in Fig. 4 , with an increase in the severity of heating conditions, the XTT reducibility and the peak area of aminoreductone increased. The behaviors of the two indices were similar. The relationship between them obtained by HPLC analysis showed a good linearity with a correlation coefficient of 0.994 ( n = 6; Fig.  4A ) and 0.994 ( n = 6; Fig. 4B ). The correlations between the two indices in this report were superior to that of the previous study obtained by spectrophotometric assay which lacked specificity. Consequently, the present work made the participation of aminoreductone in the reduction of XTT clearer by HPLC analysis equipped with a photodiode detector than that by spectrophotometric assay. At the same time, it was confirmed that aminoreductone was the XTT-reducing substance.
In general, furosine and HMF have been used as heat-damage indicators of chemical change for milk, because their values are highly correlated (Friedman, 1996) . However, these assay procedures require pretreatments of a sample and a relatively long time for measurement (Finot et al. , 1981; Chiang, 1983; Resmini et al. , 1990; Fink & Kessler, 1988) . On the contrary, aminoreductone was detectable by XTT assay without a pretreatment. The rapidity and simplicity of this assay would enable using it outside the laboratory for the purpose of quality control. Furthermore, aminoreductone can play an important role in the quality of dairy products, because it has antioxidative activity which can protect from oxidative spoilage and rancidity (Ledl & Schleicher, 1990) . Judging from these facts, the XTT assay is considered to be a Fig. 3 . XTT reducibility of the heated model solution fractionated from 16.00 to 23.50 min. Lactose and butylamine were heated at 100˚C for 15 min and diluted 20-fold with 1.28 M phosphate buffer (broken line) or 1.28 M phosphates buffer containing Cu 2ϩ (solid line: final concentration of Cu 2ϩ was 147 g/ml). promising method for the quality evaluation of dairy products.
